To assess risk factors of retinopathy of prematurity leading to delayed retinal vascularization in the first stage of ROP.
Background
The development of retinopathy of prematurity (ROP) involves multiple factors including neonatal immaturity (gestational age, birth weight), hyperoxia, low nutrient supply, intrauterine fetal demise of one twin, apnea and PDA (1) (2) (3) (4) (5) (6) .
Numerous cytokines are involved in the development of retinopathy of prematurity (7) . The most important cytokines are: vascular endothelial growth factor (VEGF) and erythropoietin (EPO), which act as factors inducing neovascularization, and IGF-1, which acts as a permissive factor (3, 4, 8) . New mediators in ROP have been proposed including ATP/ADP. ATP has a double role in vascularization, as a main factor in the transfer of energy and as a coupling neurotransmitter of the vascular and brain systems (9, 10) .
There are animal models of oxygen-induced retinopathy (OIR). ROP is a two-phase disease. The first phase begins with delayed retinal vascularization, followed by a second phase of vascular proliferation. In the initial phase of this model, delayed retinal vascular development occurs partly due to a decrease in ATP levels (1) .
Premature infants have incomplete vascularization of the retina with a peripheral avascular area (11) . The lack of nutrients or energy may lead to a delay in vascular and neural development. The total energy delivered to the retina in order to supply these ischemic areas depends on the blood flow, the oxygen concentration and the substrate concentration in the blood (12) (13) (14) .
Our objective was to study the risk factors that determine a further delay in the vascularization of the temporal peripheral retina.
Methods
A total of 275 premature infants were studied retrospectively between 2000 and March 2016 following our hospital protocol for ROP. The data were collected prospectively from the inclusion of premature infants in said protocol to the completion of the ophthalmologic monitoring, by medical discharge or death (15, 16) .
The degree of retinopathy in each eye studied was determined via indirect ophthalmoscopy with indentation and after pharmacological mydriasis by an expert ophthal-mologist in this technique, using for this purpose a 20diopter lens. This lens provides a magnification of 2.5, allowing a 45°view of the retina, the equivalent of 8 disc diameters (DD) (5, 17) .
The avascular area of the temporal peripheral retina of premature infants measured in DD was evaluated in the first eye examination of ROP (4 -6 weeks of postgestational age). Thus, we determined the extent of the avascular area.
The risk factors studied were sex, cesarean section, maternal age, single or multiple birth, maternal hypertension, surfactant administration, birth weight (every 100 g less), gestational age (every week less), postnatal weight gain (every 1 g less/day), degree of hyaline membrane ≥ III, HS-PDA, sepsis, cerebral hemorrhage, intrauterine fetal demise, apnea, exchange transfusion and intubation days (≥ 10 days).
Intrauterine fetal demise of one twin was defined as the intrauterine death of one fetus in a twin pregnancy (deaths associated with fetal syndromes were excluded). This situation increases the risk of morbidity and mortality for the surviving co-twin due to hypoperfusion and tissue ischemia (18, 19) .
Apnea was defined as a cessation of respiratory air flow for 20 seconds or longer, regardless of the clinical consequences or episodes of cessation of breathing of shorter duration which have cardiocirculatory repercussions (bradycardia and/or hypoxemia) (20) .
ROP examinations in premature infants cause episodes of apnea, bradicardia or hypoxia. Therefore, the sickest premature infants with apnea are sometimes excluded from examination for one week, following pediatrician's advice, due to high risk of fetal distress (21) . This study included exclusively those premature infants with severe apnea whose eye examination was postponed due to high risk of fetal distress.
This study only included premature infants with hemodynamically significant patent ductus arteriosus (HS-PDA), that is to say, premature infants with symptoms and/or left-right shunt diagnosed by Doppler echocardiography (pulmonary/systemic flow ratio > 1.5 -2) (22-24). Examinations were carried out by the same pediatric cardiologist using cardiovascular ultrasound Acuson SC2000TM. All patients were treated with indomethacin at a usual dose of 0.2 mg/Kg/24h for 3 days or ibuprofen at an initial dose of 10 mg/Kg for the first day and 5 mg/Kg for the second and third day. There is no evidence that the pharmacological treatment of PDA is an added risk factor for ROP.
Exchange transfusion was used as a therapy for severe hyperbilirubinemia in preterms newborns despite intensive phototherapy and in all preterms with bilirubin encephalopathy symptoms.
Sepsis was defined as a positive fungal or bacterial blood culture with the additional criterion of the presence of generalized infection symptoms and hematologic findings.
Delayed vascular development was calculated as the difference in the avascular area measured in DD between patients with risk factor and those with no risk factor adjusted to the same gestational age in weeks.
In order to determine the existence of correlation between delayed retinal vascular development and significant risk factors for the total of 275 premature infants, bivariate analysis was carried out using the statistical package IBM-SPSS V.21.0 (SPSS Inc, Chicago, IL, USA). The Shapiro-Wilk test or the D'Agostino-Pearson omnibus test was applied to verify that the analyzed quantitative variables followed a normal distribution. The chi-square test was used to compare the proportions between groups, and if it failed to satisfy the conditions of validity, then the Fisher exact test was applied.
For comparison of differences in mean values between two groups, the Student t-test was applied after analysis of variance by means of the Levene test or the nonparametric Mann-Whitney U-test. The association between continuous variables was analyzed using the Pearson correlation coefficient or the nonparametric Spearman correlation coefficient.
Results

Demographic Characteristics of the Study Population
From the total of 275 premature infants, there were 139 (50.5%) males and 136 (49.5%) females. The mean gestational age and birth weight was 29.68 (SD 2.0) weeks and 1234 (SD = 319) g, respectively.
Delayed Retinal Vascular Development Asocciated with Risk Factors of ROP
In the group without fetal twin demise (group without the risk factor), we studied if there was a correlation between the avascular area measured in DD and the gestational age. This correlation was found to be statistically sig- The group without intrauterine fetal demise of one twin was examined at a gestational age of 34.37 weeks on average and in the group with single fetal death, the surviving co-twins were examined at a gestational age of 32.83 weeks (34.37 -32.83 = 1.54 weeks).
We adjusted the first eye examination to the same ges- Finally, other factors showed a retinal vascular delay greater than 1 DD: intrauterine fetal demise 1.74 DD, apnea 1.58 DD, exchange transfusion 1.17 DD and intubation days (≥ 10 days) 1.11 DD (Table 1 and Figure 2 ). 
Discussion
Examination of vascular development measured in DD was carried out by a single pediatric ophthalmologist following the same parameters in all premature infants. It is a subjective assessment method which may place limitations on our study. However, the eye examination devices currently used such as RetCam® prevent from examining with sufficient definition the periphery of the retina in a large number of cases, therefore, they would not be quantifiable. We defend this examination method pending the emergence of new recording devices which allow more accurate examinations of the retina in infants with ROP.
New factors which have an impact on the pathogenesis of ROP are currently being considered such as genetic components, nitric oxide, adenosine, apelin and β-adrenergic receptor (10, 25) . The pathologies that we have studied may increase stress and fetal hypoxia and consequently, adenosine levels. In fact, the activity of adenosine is higher where oxygen demand is higher, such as in the retina (10, 26) .
In the first stage of ROP, the obliterative phase, from birth to week 31 of gestational age approximately, a delay in retinal vascular development occurs. In the second stage of ROP, the vasoproliferative phase, pathological compensatory mechanisms appear, causing aberrant retinal vascularization. Incomplete retinal vascularization is the basis on which ROP is developed. The largest area of immature avascular retina will produce a greater angiogenic stimulus, which will increase the risk of ROP type 1, and therefore, there will be a greater risk of unfavorable result (4) .
According to the International classification of ROP, Zone I consists of a circle whose radius extends from the optic disc to twice the distance from the optic disc to the center of the macula, which is equal to 6.5 DD (27, 28) . Zone II extends peripherally from the edge of Zone I to a tangential point in the nasal ora serrata. The radius of this circle At the same gestational age, those premature infants with retinal vascularization reaching Zone I have an increased risk of threshold ROP than premature infants with retinal vascularization reaching Zone II and III (29) . Furthermore, premature twins with a smaller area of vascularized retina have a higher risk of severe ROP (30) .
It is well known that hyperoxia is responsible for Phase I of ROP, where the retina experiences delayed vascular development secondary to hypoxia-inducible factor (HIF) down-regulation, and thus, VEGF is not released. We found that many factors may be involved in this Phase I of ROP, causing a greater delay in vascular development (31) .
Recent studies report that the postnatal growth pattern is associated with morbidities (bronchopulmonary displasia, necrotizing enterocolitis and gestational age at birth) (32) . According to these conclusions, we have found that some morbidities in preterm infants may lead to a delay in retinal vascular development.
Among all the factors studied intrauterine fetal demise, apnea, exchange transfusion and intubation days, ≥ 10 days cause a greater delay in retinal vascular development.
Other factors studied are HS-PDA, sepsis, degree of hyaline membrane ≥ III, cerebral hemorrhage, birth weight (every 100 g less), gestational age (every week less) and postnatal weight gain (every 1 g less/day). All of them are associated with delayed vascular development lower than 1 DD. However, since these factors are quantitative (birth weight, gestational age and postnatal weight gain), the greater the adverse effect, the greater the delay will be. The effect of these factors is additive every week less, every 100 g or 1 g/day less respectively.
In our study, we found a delay in retinal vascularization higher than 1 DD at 4 -6 weeks of postnatal life in patients with fetal twin demise, apnea, exchange transfusion and intubation days (≥ 10 days). This delay is significant since it leads to a larger ischemic area in the first stage of ROP. Therefore, vascular reactivation is increased during the second stage of ROP, resulting in a more advanced stage of ROP.
